ABSTRACT: During 2 cruises with RV
INTRODUCTION
The Baltic Sea is a n extension of the Atlantic Ocean with narrow, relatively shallow connections to the North Sea. Numerous freshwater affluents lead to a great reduction of the salinity. The western Baltic Sea is an area of strong water exchange which determines its hydrographic, chemical and biological conditions. The inflow of North Sea water, however, decreases considerably in the central Baltic Sea, where the deeper regions are often anoxic. Hydrogen sulfide is generally present in the Gotland Deep and Faroe Deep below 120 to 140 m. Only after periods of particularly strong salt water advections from the North Sea can oxygen-rich water temporarily penetrate into these depths.
The stratification of water masses of different origin is a key factor for microbiological and chemical processes in the Baltic Sea. Its stability and duration varies considerably in the different regions. The establishment of a chemocline (oxic-anoxic interface) in some of the deeper basins is a consequence of the permanent halocline. The halocline descends from about 20 m O Inter-Research/Printed in F. R. Germany depth in the Western Baltic Sea to about 70 m in the Gulf of Bothnia. The positions of the chemocline and the halocline in the vertical profile are, however, not identical, because the chemocline depends on the balance of microbial oxidation and reduction processes of sulfur in the environment. During the warm season the warm surface water (mixed layer) is separated from the waters beneath by a thermocline. The depth of the thermocline shifts from 20 m in the Western Baltic Sea to about 10 m in the Gulf of Bothnla. Later in the year this thermal stratification is destroyed by wind-dependent mixing processes. Dunng early summer, when the thermocline is re-established, a zone of cold socalled 'winter water' remains between the thermocline and the halocline which borders the warmer bottom water. This complicated system of vertical stratification and the changes which it undergoes in the longitudinal dimension are responsible for many phenomena of bacteria distribution in the central parts of the Baltic Sea. In the Gulf of Bothnia, where a chemocline and a typical zone of 'winter water' are lacking, the patterns of bacteria distribution are less complicated. The biological and physical zonation of the Baltic water column has been described in detail by Gundersen (1981) .
The hydrographic and chemical conditions of the open Baltic Sea have already been studied intensively (Nehnng 1981 , Nehnng & Francke 1981 , Francke & Nehring 1986 ). Microbiological investigations have been carried out in this large brackish water area only to a far lesser extent. Apart from the coastal waters, such investigations have been made mainly in the western part (Rheinheimer 1984) . In the central Baltic Sea microbiological studies have been performed by e.g. Finnish (Seppanen & Voipio 1971) and Soviet/ Swedish expeditions (Tsiban et al. 1980) , as well as during cruises from the Institute for Marine Research in Kiel, F. R. Germany (Gocke 1977 , Dawson & Gocke 1978 , Gocke & Hoppe 1982a . In the open waters of the Gulf of Bothnia such studies have been largely lack~ng.
To improve our knowledge of the bacteriological situation in areas farther from the coast, 2 research cruises with the RV 'Poseidon' were undertaken from k e l . The first cruise (August/September 1982) led to the northern Gulf of Bothnia, and the second (August 1986) to the south of Finland (Fig. 1) . At 10 and 5 stations, respectively, vertical distributions of bacteria (number and biomass) as well as their activity (turnover rate and maximum uptake of glucose and for some stations also extracellular enzyme activity) were determined. Further studies concerned changes in the bacterial population dependent on the 02/H2S regime, and nitricifaction and denitrification processes. For the first time, microbiological investigations using the same methods were carried out over the entire length of the Baltic Sea. It was the aim of these cruises to provide an overall view of the bacteriological events and to define their relationship to the prevailing hydrographic conditions. Hydrographical and chemical variables. Water temperature and salinity were determined with the 'Multisonde l e l ' from the firm ME, Trappenkamp, Germany. Water samples for determination of the further variables were obtained with 5 1 hydrographical Niskin samplers. Analyses were conducted in the ship laboratory immediately after sampling. For determination of the different variables the following methods were used: oxygen according to Winkler (Grasshoff 1976) ; hydrogen sulfide according to Grasshoff (1976) ; ammonia according to Grasshoff (1964) ; nitrite and nitrate according to Grasshoff (1968) ; orthophosphate according to Murphy & Riley (1962) ; silicate according to Koroleff (Grasshoff 1976) ; chlorophyll a according to SCOR-UNESCO (1966) ; BOD, according to Deutsche Einheitsverfahren.
Microbiological variables. Total bacteria numbers and bacterial biomass: Water samples were taken down to a depth of 150 m with autoclaved 0.7 1 champagne bottles mounted on modified ZoBell samplers. At greater depths sterile plastic bags with bacteriological Niskin samplers (General Oceanics, Miami, USA) were used.
For determinations of total bacteria numbers (TBN), immediately after sampling 100 m1 of water were transferred into brown glass bottles and preserved with 2 m1 freshly filtered formalin (37 %). Fluorescence microscopical investigations took place in the laboratory of the k e l Institute according to Zimmermann (1977) . Nuclepore filters (0.2 km pore size) previously stained with 0.004 O/ O solution of sudan black were utilized for filtration. Bacteria cells were stained with a 0.01 ' 10 solution of acridine orange for 3 min and counted with a standard Zeiss microscope equipped with a n epifluorescence apparatus. From each slide 54 visual fields were assessed for counts. Bacterial lengths were measured with a graduated eyepiece. According to form and size 9 different groups were classified (Rheinheimer 1977 , Zimmermann 1977 . Cell volume was calculated according to Daubner (1972) . For conversion from volume to carbon content a factor of 1 X I O -~ lig C pm-3 was applied. The mean bacterial cell volume of each water sample was also determied. In the literature conversion factors can be found which are between 0.86 (Ferguson & Rublee 1976 ) and 5.6 X I O -~ pg C b~n1-3 (Bratbak 1985) . Thus the value used un the present work leads to somewhat conservative bacteria biomass figures.
Saprophyte counts: For saprophyte counts the yeast extract-peptone agar medium ZoBell 2216 E was employed, using 750 m1 aged seawater and 250 m1 distilled water (ZS). In addition the same medium was prepared with 250 m1 aged seawater and 750 m1 distilled water (ZB) and with 1000 m1 of tap water (ZL). The media were inoculated immediately after sampling. Incubation temperature was 20°C and the resulting colonies were counted after 14 d .
The saprophyte counts represent a small group of actively metabolizing bacteria which immediately react to changes in the nutrient supply. Thus, they are an important indicator group.
Turnover rate and maximum uptake velocity of glucose: Water samples for determinations of turnover time (T,,,) and maximum uptake velocity (V,) of glucose were taken with thoroughly cleaned non-sterilized oceanographic water samplers (5 1 Niskin bottles). Sterilized equipment was used for further processing which was commenced immediately after sampling.
For determining the turnover rate triplicate 100 m1 samples and a formalin-killed blank (0.3 m1 formalin) received 20 111 of radioactive solutlon containing 0.1 pCi of '4C-glucose (uniformly labelled, Amersham Buchler). The final concentration of glucose was 0.25 pg C 1-l. For determining the maximum uptake velocity a n analogue procedure was performed. To the samples was pipetted 200 p1 of radioactive solution containing 1 pCi of 14C-glucose and ' 2~-g l u c o s e .
The final concentration of the added glucose was 20 pg C 1-l. Earlier studies in the Baltic Sea (Gocke 1977) have shown that this concentration was above the saturation concentration of the glucose uptake systems of the natural bacterial populations.
The bottles were incubated at in situ temperature (f 1 C") in an agitated water bath. Incubation times were 2 h for san~ples above and 3 to 4 h for those below the thermocline. Reactions were stopped by adding 0.3 m1 formalin. Then the samples were filtered through membrane filters (0.2 ym pore size, Sartorius), washed with filtered seawater and assayed for radioactivity by liquid scintillation.
For the samples from the 1986 cruise ambient O2 or H2S concentrations were maintained during incubation. The glass-stoppered 100 m1 bottles (nominal volume) were completely filled with sample water exactly in the manner as for O2 or H2S determinations. Then the required amount of the radioactive liquid was introduced by means of a syringe equipped with a long needle. The radioactive solution was previously deoxygenated by passing N2 through it for 10 min. All other steps were the same as described above.
Extracellular enzyme activity of bacteria (EEA):
Deep In the Fehmarn Belt the temperature on 16 Aug 1982 been described in detail by Hoppe (1983) . Similar to decreased from 16.67 "C at 2 m to 8.08 "C at a depth of the method in substrate uptake studies (Wright & Hob-27 m. In contrast the salinity rose from 18.40 to 28.36 %O bie 1966), increasing concentrations of the model sub- (Fig. 2) . stance are given to the water sample. The breakdown
In the Arkona Basin beneath the mixed layer very of these substances is dependent on the extracellular strong changes in these variables occurred on 17 Aug enzyme activity of the bacteria. This is measured by 1982 (Fig. 3) . The highest temperature, 17.92 ' C , was means of the fluorescence which develops during the measured at 2 m, the lowest was 8.13 'C at 27 m. This hydrolysis of the model substance. The breakdown of corresponded approximately to the conditions in the the model substrate takes place as a rule according to a Fehmarn Belt on the previous day. Below 27 m the first order enzyme reaction, so that the maximum temperature rose again sharply and reached 16.68"C hydrolysis velocity of the extracellular enzymes (V,) at 41 m i.e. only 1.24 "C lower here than at the surface. can be calculated.
Salinity rose from 7.98 %O at 2 m to 16.25 %O at 40 m, Water samples for EEA determinations were incuwith only small differences down to 27 m. These bated at in situ temperature. Incubation periods were unusual conditions are caused by inflowing currents between 4 and 8 h. The unit of V, for peptidases is pg when warm water with high salinity from the Kattegat Bornholm Basin. Below this depth the salinity further to 2.8 "C with 6.3 %O at 50 m (Fig. 8) . At the northernincreased, e.g. in the Gotland Deep to 12.48 %O on 20 most Stn J on 28 Aug 1982 values were only 13.7 "C Aug 1982 at 235 m (Fig. 6) , and to 12.14 %O on 17 Aug with 3.06 %O at 2 m, and 1.6 "C with 3.50 %O at 50 m 1986 at 230 m (Fig. 14) . In the Teili Deep on 19 Aug depth (Fig. 11) . 1986 the different bodies of water behaved in a similar manner (Fig. 16) .
This tendency was also continued in the Gulf of Oxygen and hydrogen sulfide Bothnia, where temperature and salinity decreased still further. At the southernmost Stn G on 25 Aug 1982 In well as the rise in temperature (see above), indicates a recent inflow of surface water. At the Bomholm Basin station during both years studied and also in the southern Gotland Basin on 19 Aug 1982, conditions in the mixed layer were similar to those in the Arkona Basin. In the underlying water, the oxygen content was higher still, but then decreased strongly below 50 and 70 m respectively (Figs. 4 and 13) .
In the Gotland and Faroe Deeps oxygen concentrations again corresponded to those described above. Below the 'winter water' they then decreased rapidly. Between 120 and 140 m the anoxic zone began. In this zone hydrogen sulfide could be detected. On 17 Aug 1986 the maximum HzS content in the Gotland Deep, 64 pmol I"', was found at 200 m depth (Fig. 14) . In the Teili Deep the oxygen content below the At all stations in the Gulf of Bothnia in August 1982 halocline also strongly decreased. At 100 m only there was still a rich supply of oxygen even at greater 0.18 ml O2 I-I (2 % saturation) was measured. A corndepths (Figs. 8 to 11 ). At Stn G the O2 concentration at plete disappearance, however, could not be observed, 100 m was 7.17 and at 125 m 7.48 ml I"', corresponding even down to a depth very close to the bottom (Fig. 16) .
to 81 % saturation (Fig. 8) (Fig. 9) . At Stn I, farther north, the value at 100 m was 7.75 ml O2 1-' (Fig. 10) . The sediment at all stations investigated in the Gulf of Bothnia was aerobic at its surface. It contained numerous iron concretions and occasionally also spruce twigs.
Nutrients
In the Fehmarn Belt, silicate, orthophosphate and inorganic nitrogen compounds were present in sufficient amounts even in the mixed layer, and increased strongly above the bottom (Fig. 2) .
At the Arkona Basin station on 17 Aug 1982 lower orthophosphate and nitrate values were found in the mixed layer, while those for silicate remained nearly the same (Fig. 3) . Below this layer, however, there was substantially lower rise in these values than in the Fehmarn Belt. On 12 Aug 1986 (Fig. 12 ) nearly all nutrient values were clearly less than in August 1982.
In the Bornholm Basln on 18 Aug 1982 silicate, orthophosphate and ammonium strongly increased from 50 m downwards. Nitrate values were low at all depths (Fig. 4 ) . The distribution of orthophosphate on 13 Aug 1986 was similar. Below 60 n~ nitrate showed a pronounced increase (Fig. 13) . This was also true for Stn D in the southern Gotland Basin on 19 Aug 1982 (Fig. 5) . Thus a nitrification zone is presumed to exist a t these locations.
The stations in the Gotland and Faroe Deeps showed similar vertical distribution of nutrients, for both 1982 and 1986. At both stations the characteristic influence of oxygen deficit on the nutrient concentrations in anoxic deeper water was evident -that is, a large disappearance of nitrate by means of denitrification (Brettar 1988 ) and a strong increase of orthophosphate and ammonia caused by their release from the sediments (Figs. 6, 7, 14 and 15) .
In the Teili Deep on 19 Aug 1986, the pronounced increase of nitrite below 100 m depth to 4.4 pm01 l-' was notable (Fig. 16) . Here nitrate decreased very slowly between 120 and 158 m. Orthophosphate, silicate and ammonia did not increase as strongly down to 160 m as was noted the previous day in the Faroe Deep.
In the Gulf of Bothnia at the end of August 1982 at Stns G to J an increase of the nitrite concentration could always be observed between 20 and 50 m depth. The nitrate concentration in the mixed layer rose clearly, proceeding from south to north; a similar pattern of nitrate distribution in this area was also reported by Gundersen (1981) . At the northern Stns I and J the ammonia concentration decreased from the surface to depth. At Stn J very low orthophosphate values were measured. The vertical differences in silicate content were not a s great at the northern stations a s at the southern stations.
Chlorophyll a
In August 1982 the clorophyll a content in the photic zone of the western and central Baltic Sea was nearly everywhere lower than expected as there was a plankton bloom reported a few days before. With the exception of Stn A (Fehmarn Belt) values in the photic zone were around or below 2 pg I-'. In the Gulf of Bothnia, on the other hand, at 10 m depth higher values, up to double this amount, were found.
In August 1986 chlorophyll a concentrations in the photic zone of the western and central Baltic Sea were mostly somewhat higher, at 1.8 to 3.7 pg I-'. A phytoplankton bloom, however, was not observed at any station. Below the photic zone the chlorophyll a content in August 1986 decreased nearly everywhere more rapidly than during the same month in 1982. An example of this is given in (Fig. 2 ) quite high total bacteria numbers and a large average cell volume were determined. Biomass ranged between 140 yg C 1-' at 2 m depth and 57 pg C 1-' at 27 m depth. In the upper 20 m the highest values during this investigation, over 100 lig C I-', were found. The saprophyte counts on ZS were between 1770 and 513 ml-'. The markedly higher numbers on ZS in relation to ZB are due to the relatively high salinity (Rheinheimer 1985) .
At the Arkona Basin station on 17 Aug 1982 (Fig. 3 ) total bacteria numbers were somewhat lower than in the Fehmarn Belt. Biomass varied between 91 and 51 pg C I-'. The differences in the saprophyte counts on ZS and ZB were considerably less except for the depth with the highest salinity (40 m). O n 4 Sept. 1982 total bacteria numbers and biomass were less than half those of 17 Aug. For the saprophyte counts this holds true only for deeper waters. On 12 Aug 1986 the biomass values were even somewhat lower; the saprophyte counts, on the other hand, especially in the photic zone, were considerably higher. Twelve days later the saprophyte counts were lower again.
In the Bornholm Basin in the upper 30 m, very similar total bacteria numbers were found for 1982 and 1986 (Figs. 4 and 13) . However, on 18 Aug 1982 average cell volumes with 0.143 to 0.221 pm3 were considerably larger than on 13 Aug 1986 with 0.037 to 0.066 p,rn3; accordingly, biomass values were also about 3 times higher. In 1986 the saprophyte count above 50 m were greater and those below were less than those for 1982. Bacteriological values in the southern Gotland Basin on 18 Aug 1982 (Fig. 5) were of about the same magnitude as those in the Bornholm Basin on the previous day. Only the saprophyte counts in the upper 20 m were lower.
In the Gotland (Fig. 6 ) and Faroe Deeps (Fig. 7 ) the highest total bacteria numbers were found again in the mixed layer in August 1982, with about 4 X 106 cells ml-l. However, in the Faroe Deep the average cell volume was less than 0.1 pm3, while that in the Gotland Deep was considerably greater. This results in corresponding lower biomass values for the former. Below the mixed layer values clearly decreased, more so in the Gotland Deep than in the Faroe Deep. In the anoxic zone there was a n increase again which was more pronounced in the Faroe Deep than in the Gotland Deep (compare Figs. 6 and 7) . The situation was similar in August 1986. Samples taken at closer intervals in the Gotland Deep showed an increase in the values in the boundary zone between oxic and anoxic water at around 130 m depth (Fig. 14) . The decrease between 146 and 160 m was followed by an increase from 180 m on. Saprophyte counts in the mixed layer in 1986 were clearly higher than those in 1982. Below this layer they were of approximately the same magnitude. The distribution in the deeper water basically corresponded to the total bacteria numbers. However, in 1986, especially in the anoxic zone of the Gotland Deep, extremely low values were found (< 100 ml-l).
In the Teili Deep on 19 Aug 1986 between 20 and 100 m, again relatively low total bacteria numbers and biomass values (3.66 to 5.72 ~i g C 1-l) were determined. At 120 m a pronounced increase was observed, especially in the bacterial biomass (up to 12.50 11g C I-'). Below this depth down to 150 m a decrease was noted again to 3.53 pg C 1-' and above the bottom an increase to 12.70 pg C I-'. From 2 to 140 m depth the saprophyte counts decreased by more than 10-fold. In deeper waters a slight increase was observed (Fig. 16) .
In the Gulf of Bothnia in August 1982 total bacteria numbers in the mixed layer at Stn G were somewhat lower than those in the Gotland and Faroe Deeps, but were of the same magnitude as at the other Bothnian stations. Biomass increased slightly going north. The saprophyte counts were in part considerably greater than those in the Baltic proper. Below 20 m the total bacteria numbers and biomass values were for the most part higher than in the Gotland and Faroe Deeps. The former were all above 1 X 106 ml-l, while in the Gotland Deep they were always and in the Faroe Deep partly below this. Saprophyte counts below 20 m were likewise often somewhat higher.
Bacterial activity
Maximum uptake velocity and turnover rate of glucose Maximum uptake velocity (V,,,) of glucose in the mixed layer during the 1982 investigation period was as follows:
Fehmarn Belt (Stn A). Here the highest values with over 0.100 yg C 1-' h-' were measured (Fig. 2) .
Arkona Basin (Stn B). The V,,, in this area was distinctly lower. Values ranged from 0.050 to 0.075 pg C 1-1 h -~ (Fig. 3) .
Bornholm Basin to southern Gotland Basin Stns C and D). V, was similar to that of the Arkona Basin (Figs. 4 and 5) .
Central Gotland Deep and Faroe Deep (Stns E and F). Values between 0.025 and 0.050 yg C 1-' h-' form a transition to the stations in the Gulf of Bothnia (Figs. 6  and 7) .
Gulf of Bothnia (Stns G to J ) . Here very low bacterial activities were measured. Only about 0.025 pg glucose C 1-' h-' were taken up by the bacteria. Stn I, with somewhat higher values, represents an exception (Figs. 8 to 11) .
The turnover rate of glucose in the mixed layer showed a similar pattern of distribution as V,,,. Regional differences here are less pronounced, however. The highest value was 175 ' 1 0 d-' (Fehmarn Belt) while the lowest was 49 % d-l (Stn G ) . This corresponds to turnover times of 13.7 and 49 h, respectively.
In 1982 and 1986 the regional differences of the V,,, of glucose in the Baltic proper were low. In the mixed layer, the relation between the station with the highest and the lowest V, , , was about 2 : 1. The absolute values, 0.134 (Arkona Basin) and 0.062 pg C 1-I h-' (Faroe Deep), in 1986 were approximately twice as high as in 1982.
In contrast to the maximum uptake velocity, the turnover rates (T,) of glucose in 1986 were often clearly lower than in 1982. Here the highest value, 92 % d-l, was measured in the Gotland Deep. This corresponds to a turnover time of 26 h. In the Bornholm Basin, where the lowest value was found, T, was only 35 ' 10 d-', which corresponds to a turnover time of 69 h.
Profiles at all stations during both cruises were basically similar. In the mixed layer V, , , and T, were relatively high. Maximal values were often found directly at the surface; in other cases however, in the sample at the next following depth (usually 10 m). The thermocline represents the lotver boundary of the water layer with high microbial activity. Directly beneath this microbial activity decreased drastically and remained at a low level in the 'winter water'. The differences between the mixed layer and the 'winter water' amounted to nearly 2 orders of magnitude. The lowest values of V, , , were around 0.002 pg C 1-' h-' and of T, between 1 and 3 % d-', which corresponds to a turnover time of 3 to 1 mo. Differences within the 'winter water' at the various stations were minimal.
In 1982 in the region between the Arkona Basin and the Faroe Deep, a n increase of bacterial activity was observed below the permanent halocline. This was particularly noticeable in the Arkona Basin (Fig. 3) . At stations farther to the northeast, the increase was less pronounced.
During 1986 in the Gotland Deep an increase of V,,, and T, was measured, limited to a thin layer at the transition zone between the 02-and H2S-containing water bodies (Fig. 1 4 ) . This was not observed in 1982, when the samples were taken at greater vertical intervals.
Extracellular enzyme activity of bacteria
The activity of the hydrolytic breakdown of peptides was determined only during 1982. Results for the maximum hydrolysis velocity of the bacterial peptidases are summarized in Table 2 .
As a rule peptidase activity was highest in the mixed layer In the deeper parts of the 'winter water' the activity was minimal and often lay below the detection " Sampling depths (directly above bottom) only valid for specific stations -:Peptidase was below detection limit limit of the method. In water samples from the zone near the sediment a slight increase in peptidase activity occurred again, with the exception of the shallow Fehmarn Belt station.
In contrast to the regional distribution of the bacterial substrate uptake, peptidase activity showed no tendency to decrease in the direction west to east. In the mixed layer it was highest in the Gotland Deep (where also the shortest 'turnover' times for peptidase were measured) and lowest in the Bornholm Basin. The rise of peptidase activity in the deeper water samples was possibly related to the depth of the basins. This was greatest in the Gotland Deep, followed by the Faroe Deep and the Bornholm Basin.
The (3-glucosidase activity was also determined; however, reliable measurements could be obtained only from the mixed layer and from deep water. Measurements from the 'winter water' were always below the detection limit. A comparison of the p-glucosidase activity with the peptidase activity of these water layers shows that the peptidase activity in deep water, compared to surface water, always decreases more strongly than the p-glucosidase activity. Similar observations were reported by Kim (1985) for the Gotland Deep.
DISCUSSION
The large differences in the hydrographic-chemical situations in the 6 areas of investigation between the Fehmarn Belt and the Gulf of Bothnia are well reflected in the bacteriological data.
The mixed layer of the sea is, apart from a few special cases, the microbiologically most active zone of the pelagial. Here organic substances are synthesized by primary producers, which are directly or indirectly utilized by heterotrophic microorganisms.
This holds true for all stations of the Baltic Sea investigated. The total bacteria numbers in the mixed layer were around 4 X 106 cells ml-l, whereby the range from little more than 6 X 106 (in the Fehmarn Belt, 1982) to about 3 X 106 ml-' (Stn G. 1982) is smaller than one might expect in a n area with such widely varying regional hydrographic conditions. However, these investigations were made in late summer. During this time primary production is probably rather similar throughout the whole area. A different situation occurs at the end of April and beginning of May, when the spring phytoplankton bloom starts from the western part of the Baltic Sea (von Bodungen et al. 1981) . Accordingly, in these areas higher total bacteria numbers were found than in regions where the bloom had not yet commenced (Gocke & Hoppe 1982a. b) .
The vertical distribution of physico-chemical and biological parameters observed on 17 Aug 1982 at the Arkona Basin station deserves a detailed discussion since it shows a unique feature of the western Baltic Sea. At this station the temperature of the deep water layer was nearly as high as in the mixed layer. The same was true for saprophyte numbers and the activity parameters V,,, and T,. The chlorophyll a concentration was remarkably high in the deep water which is far below the photic zone, whereas the nitrate concentration was comparatively low. These observations lead to the conclusion that a strong inflow of high salinity water had quite recently occurred, which must have originated from the mixed layer of the central or northern Kattegat (see also Francke & Nehring 1986) . About 3 wk later (4 Sep) the situation was still nearly the same. Contrary to the situation in 1982 the findings in 1986 show a considerable aging of the deep layer indicated by the lower temperature, higher nitrate concentrations and much lower microbiological values compared to 1982.
Of interest are also comparisons in the Bornholm Basin between 18 Aug 1982 and 13 Aug 1986. While the temperature and salinity do not show any great differences, there is a great variation in the amount of nutrients present. Only below 60 m can this be due to the oxygen content. At 50 m depth in 1982 an increase of the nitrite content to 0.28 pm01 I-' indicates a disturbance of the nitratation, which reacts more sensitively than the nitritation to various unfavorable factors (Rheinheimer 1985) . The very low O2 concentrations below 70 m in August 1986 caused a disturbance also in the nitritation and probably allowed denitrification. This may explain the low nitrate concentrations.
The higher primary production, which may be deduced from the greater chlorophyll values, in the mixed layer in 1986 apparently effected an increase in the saprophyte counts -not, however, in the bacterial biomass, which was lower than in 1982. Below 30 m the chlorophyll contents in 1982 were greater than those of 1986 (Table 1 ). This could be the cause of the higher bacterial biomass values and saprophyte counts obtained from this water body.
In the Gotland and Faroe Deeps bacterial distribution and activity was determined by the stratification of the water, which was essentially the same in 1982 and 1986. Within each individual zone, however, considerable differences can often be found. Below the photic zone -between ca 40 and 120 m -there is a nitrification zone with a strong increase in the nitrate concentration. At about 130 m depth a narrow denitrification zone, comprising about 10 m, is located, in which the nitrate is for the most part respired. This is clearly recognizable in the Gotland Deep in August 1986, where sampling took place at closer intervals. Below this depth the H2S zone extends to the bottom.
The investigations in August 1986, during which samples were taken at close intervals (3 m), show that in the boundary layer (chemocline) at about 130 m depth, a clear increase occurs in the total bacteria number, bacterial biomass, saprophyte count, and activity. With samples taken at greater intervals, this increase could easily be overlooked. In H2S-containing deep water below 150 m and in bottom water, an increase of all bacteriological parameters occurs. The microbiological analysis of the water samples shows a shift towards larger cells (Gast & Gocke 1988) . The comparison of saprophyte plates incubated under aerobic and anaerobic conditions shows the dominance of facultatively and obligately anaerobic bacteria.
In the Teili Deep, the bacteriological situation in August 1986 was very different from that in the Faroe Deep. Here there exists a close correlation between bacteria and the distribution of inorganic nutrients. The oxygen content dropped to 0 18 m1 I-' at 100 m and below this lay between 0.09 and 0.15 m1 I-'. Hydrogen sulfide could not be detected in the water, whereas in the Faroe Deep, from below 120 m on, H2S was found in increasing concentrations (compare Figs. 15 and 16 ). The nitrate content attained its maximum (7.42 pm01 I-') at 80 m, and then decreased slowly to 6.85 pm01 I-' at 158 m. The n~trite concentration, in contrast, increased from 0.08 at 100 m to 4.40 ymol I-'. Apparently the second step of nit~lfication (nitratation) ceases, for the most part, due to the strong decrease in oxygen content (Downes 1988) . It is possible that nitrate respiration in this body of water leads to a certain increase of the nitrite concentration. Actual denitrification takes place only to a small extent at most.
In the Gulf of Bothnia, high amounts of oxygen were present at all stations investigated, from the surface down to deeper water. Accordingly aerobic processes dominated throughout the water column. The nitrite peak below the mixed layer indicates a certain inhibition of nitratation in this zone. Remarkable are also the relatively high total bacteria numbers below the photic zone. Since the numerous rivers coming from northern Sweden and Finland discharge substantial amounts of terrestrial plant material and humic compounds into the sea, completely different nutrient conditions exist here. This probably causes changes in the bacterial populations. Those bacteria which are introduced from the mainland are partly inactivated in Baltic Sea water. The presence of more refractile nutrients probably exerts a major influence on the development of the bacterial flora. This is also reflected by relatively low values of maximum uptake velocity and turnover rate of glucose.
With the measurements of V, and T, in 1982, it could be shown that both these activity parameters had a larger fluctuation span than TBN. Especially in the Gulf of Bothnia, V, and T, decreased more rapidly than TBN, as compared to the Baltic proper. Possibly here a larger proportion of the bactena population is inactive than in the Baltic proper. Since the Gulf of Bothnia is distinctly different from the other areas of the Baltic Sea in both its hydrography and its chemistry, it can be expected that the bacteria populations also have a different composition. Possibly, bacteria which are particularly adapted to substances difficult to degrade, such as humic acids, play a greater role here, whereas they are less active with regard to glucose. The temperature reduction of about 5 C", compared to the southern and western parts of the Baltic Sea, also contributes to the lower activity in the Gulf of Bothnia.
The low temperatures in the 'winter water' of the Baltic Sea are a fundamental reason for the very low bacterial activity in this layer. The reduction of V, and T, in the 'winter water', compared to the warm mixed layer, is more pronounced than the decrease of TBN. The low amount of organic substance available to the bacteria in this layer also plays a role. On the other hand, if organic substance is present locally, such a s at the boundary layer between O2 and H2S-containing water in the Gotland Deep (Fig. 14) . where chemosynthetic processes are important, bactena number and activity clearly increase compared to adjacent water layers, in spite of the low temperatures.
Near the sediment (Figs. 14 and 16 ) an increase in the microbiological parameters also occasionally occurs.
The valuesof bacterial peptidase activity in the vertical profile follow the pattern of the heterotrophic substrate uptake. From this it can be concluded that a close coupling exists between hydrolytic breakdown of polymeric nutrients and bacterial substrate utilization during summer (Hoppe et al. 1988 ). In the 'winter water' peptidase activities are always extremely low. Probably refractile compounds dominate, whlch are very difficult to degrade.
Regionally bacterial peptidase activity shows no decreasing tendency from west to east, such as was determined for the substrate uptake. It is more likely related to TBN, which show significant fluctuations in the mixed layer, but no regional tendency.
In spite of the above-described large differences in the individual areas investigated, when considered a s a whole a few common features in the bacteriological relations can be recognized. In the photic zone, which is characterized by high chlorophyll concentrations, the largest bacteria amounts and highest bacterial activity always occur. In the 'winter water' these values strongly decrease nearly everywhere. Here, however, an active nitrification already takes place. However, its 2 steps, nitritation and nitratation, do not run fully synchronously, so that a more or less clear increase in the nitrite content can be shown (Enoksson 1980) . Below the 'winter water' the bacteriological conditions in the 6 areas of investigation show pronounced differences. This is shown by the degree of oxygen depletion and hydrogen sulfide formation, which depends on the age of the water and its supply of suitable organic substances. Hydrogen sulfide formahon proceeds from the sediment. It diffuses into the deeper water and spreads slowly upwards. H2Sproduction, whichis mainly due to the sulfate-reducing bacteria, probably plays only a subordinate role in the water, as has been demonstrated for the western Baltic Sea by Bansemir & Rheinheimer (1974) . As the investigations in the Gotland Deep show, in samples taken at closer intervals, denitrification takes place only in a narrow transition zone between oxic and anoxic water (Gotland and Faroe Deeps). In the weakly oxic deep water of Teili Deep, in a wider zone, an even stronger nitrite formation occurs. As the oxygen concentration is about 0.2 mg O2 1-I ammonia oxidation (nitritation) and/or nitrate reduction could be responsible for nitrite formation (Downes 1988) . LITERATURE CITED Bansemir, K., Rheinheimer. G. (1974) . Bakteriologische Untersuchungen uber die Bildung von Schwefelwasserstoff in einer Vertiefung der inneren Kieler Forde. l e l e r Meeresforsch. 30: 91-98
